Sediments of the Barbados Ridge complex, cored on DSDP Leg 78A, contain low concentrations of acid-insoluble carbon (0.05-0.25%) and nitrogen (C/N 1.5-5) and dispersed Cj-C 6 hydrocarbons (100-800 ppb). The concentrations of organic carbon and 13 C in organic carbon decrease with depth, whereas the concentration of dispersed hydrocarbons increases slightly with depth. These trends may reflect the slow oxidation of organic matter, with selective removal of 13 C and slow conversion of the residual organic matter to hydrocarbons. Very minor indications of nitrogen gas were observed at about 250 meters sub-bottom at two of the drilling sites. 
INTRODUCTION
Oil and gas fields are present on or near the islands of Barbados, Tobago, and Trinidad to the south of the Leg 78A drilling area. Sediments exhibiting sulfate reduction were cored at DSDP Hole 27 on the Barracuda Rise, about 150 km to the east. In view of these facts, a complete hydrocarbon monitoring program was planned for Leg 78A drilling in the sediments at the deformation front of the Barbados Ridge complex (Fig. 1) . The sediments cored proved to be nearly barren of organic matter. Despite low absolute contents of hydrocarbons and organic carbon, there are suggestions of regular changes with depth that may be related to the age or temperature of the sediments, or both.
ANALYTICAL PROCEDURES AND RESULTS

Gas Analysis
With two exceptions, gas pockets were not present in Leg 78A cores. To monitor levels of gaseous hydrocarbons, it was necessary to extract gas from the sediment. This was done by disaggregating and heating core samples in a blender. Whole core sections 3 to 5 cm in length (100-170 cm 3 ) were extruded from the core liner and placed in the blender as soon as possible after the core was on board. The blender was filled with distilled, deionized water, except for a 200-cm 3 airspace.
The sediment in the blender was blended at low speed for 1 min., heated in a 75°C water bath for 30 min., blended again for another minute, and returned to the water bath for another 5 to 10 min. An empty 10-ml syringe with a 1.5-inch needle was inserted to beneath the water level through an off-center septa port on the blender top, and the contents of the blender were allowed to adjust to atmospheric pressure. A second heated 10-ml syringe was inserted through the center port on the blender top, and about 6 ml of blender airspace was withdrawn, adjusted to 5 ml, and injected into the cold trap of the Hewlett-Packard 5711A gas chromatograph (Whelan, 1979) on board the Glomar Challenger. The cold trap is an alumina-packed 3 × 20 cm pre-column chilled to -70°C. The C 2 . p i us hydrocarbons are retained on the column while air and C x are vented. After 1.5 min., the cold trap is closed and heated in a 90-100°C water bath for 1 min. The carrier gas effluent from the cold trap is valved to the gas chromatograph, which is programmed to heat the column oven from 60 to 200°C at 8° per min. for analysis of C 2 -C 6 hydrocarbons. Retention times for compound identification, response factors for quantitative analysis, and recovery factors relating gas in the headspace to gas in the mud, were obtained by internal standards and analysis of known amounts of pure compounds and analyzed reference-gas mixtures.
Extremely low levels of hydrocarbon gases (parts per billion) were present in cores drilled to depths of about 460 meters beneath the seafloor on Leg 78A. The quantities of C 2 -C 6 hydrocarbons released from fresh sediment are shown in Table 1 .
Visible separations or gaps in the sediment from Holes 541 and 543 were sampled through the clear plastic core liner by withdrawing gas into a vacutainer. Vacutainer samples were analyzed for air, CH 4 , CO 2 , and C 2 H 6 by thermal conductivity gas chromatography, and for C 2 to C 6 hydrocarbons by flame ionization gas chromatography, on the Glomar Challenger. Vacutainer samples from Hole 541 were also submitted to Global Geochemistry, Inc. of Canoga Park, California, for complete mass-spectrometric gas analysis and for 15 N/ 14 N measurement of the N 2 . Results of the shipboard hydrocarbon analyses are given in Table 2 . Shore-based mass-spectrometric analyses of gaspocket samples from Hole 541 and a sample of Challenger lab air are given in Table 3 .
Carbon and Nitrogen Analysis
Shipboard organic carbon analysis was done with a Hewlett-Packard 185-B CHN analyzer. Samples selected from each core for carbonate-bomb measurements were reacted with HC1 to remove carbonate, washed with deionized water, and dried at 110°C. A Cahn Electrobalance was used to weigh 20 mg of each sample of sediment for CHN analysis. Samples were burned at 1050°C in the presence of an oxidizing catalyst, and the volumes of N 2 , CO 2 , and H 2 O were determined as measures of the C, H, and N contents of sediment organic matter, using a CSI mini-lab integrator. Samples with known carbon and nitrogen contents (AVB-2 and 66-488) were used to calibrate instrument response. One hundred five samples from Leg 78A were analyzed for organic carbon and nitrogen by combustion of the HCl-insoluble residue. The results are given in Table 4 . Carbon is reported on both a calculated whole-rock and a measured carbonate-free basis. The relationship between whole-rock and carbonate-free carbon content is where %CaCO 3 (and the HCl-insoluble residue) are obtained from the shipboard carbonate-bomb determination. Nitrogen content is reported as the C/N atomic ratio. Hydrogen values are not reported, because of presumed interference from mineral-bound water. Table 3 . Gas composition (%) and δ ^N of gas removed from core-liner gas pockets. Selected samples were later subjected to Rock-Eval pyrolysis (Espitalie et al., 1977) at the U.S. Geological Survey, Lakewood, Colorado. Samples were heated in helium at 250° C for 5 min. and then from 250°C to 550°C at a rate of 25°C per minute. Detector response was calibrated with n-C 20 alkane and with the IFP standard rock 27251, a lower Toarcian shale from the Paris basin. Organic carbon in HCl-insoluble rock residues was converted to CO 2 by combustion, and the 13 C/ 12 C ratio of the purified CO 2 was determined at the U.S. Geological Survey, Lakewood, Colorado. The results were expressed as δ 13 C, where
O, and the standard is PDB marine carbonate. The results of pyrolysis assay and δ 13 C of organic carbon for 12 samples from Hole 541 are given in Table 5 .
Isotopic Composition of Calcite Veins in Basalt
Calcite samples were analyzed for δ 13 C and δ 18 θ by Global Geochemistry, Inc. Standard preparation techniques (reaction with 100% H3PO4 at 25°C; McCrea, 1950) were employed, and the 18 O/ 16 O and 13 C/ 12 C ratios were measured on a triple-collecting MAT 250 mass spectrometer. The isotopic compositions of 16 samples of calcite veins from the basement basalts penetrated in Hole 543A are give in Table 6 .
Isotopic Composition of Pore-Water Constituents
Interstitial water samples were analyzed by Global Geochemistry, Inc. Total dissolved CO 2 was recovered by acidification and δ 13 C was measured. Dissolved sulfate was precipitated as BaSO 4 , converted to SO 2 , and δ 34 S was determined. The δD and δ 18 θ of the water itself were measured by standard techniques (Esptein and Mayeda, 1953; Friedman and Hardcastle, 1970) . The results are presented in Table 7 . DISCUSSION Organic carbon contents (carbonate-free basis) of analyzed Leg 78A sediments (Fig. 2) are low (<0.3%) in all samples, and carbon content is low relative to nitrogen, as indicated by the smaller than normal (1.5-5) C/N ratios (Table 4 ). In addition, a trend of decreasing carbon content with increasing depth beneath the seafloor is apparent at each drilling site (Fig. 2) . Whole-rock organic carbon contents show effects of dilution with CaCO 3 during periods of deposition above the carbonate compensation depth. If the rate of deposition of noncalcareous sediment is approximately constant, then the carbonfree organic carbon content at any given depth reflects the balance between organic matter deposited and organic matter oxidized. The trends in Figure 2 could be caused by (1) regular increase with time in the rate of deposition of organic matter, and preservation of organic matter; (2) a constant rate of deposition of organic matter and slow decomposition (oxidation) with advancing time or increasing depth; and (3) position of organic matter, with increasing dilution by noncalcareous clastic sediment at greater depths. It is unlikely that the observed regular decrease in carbon content with increasing burial depth results from a change in rates of deposition of organic matter, and total sediment accumulation rates do not support the idea of decreasing dilution by noncalcareous clastic material. More probably, reaction within the sediment leads to a decrease in organic carbon content with advancing time or increasing depth of burial.
The regular decrease of organic carbon content with depth in marine sediments has been studied in both shallow (0-5 m) cores (Heath et al., 1977; Mueller and Mangini, 1980) and in DSDP (0-500 m) cores (Waples and Sloan, 1980) . In a variety of environments, each with relatively uniform sediment accumulation rates, the decrease in organic carbon with time is consistent with first-order decay at half-lives that range from 15,000 to 866,000 years. The different rates of organic carbon de- n.a. Note: n.a. = not analyzed. The slight offset at the depth of the reverse fault in the organic-carbon-vs.-depth curve for Hole 541 (Fig. 2) suggests that the systematic carbon decrease might be used to infer the timing of the fault movement, as Waples (1980) used organic carbon profiles to estimate the age of implacement of a basalt intrusion at Hole 444 (Leg 58). To examine this question and the more general question of what is controlling the organic carbon decrease, the Leg 78A organic carbon contents are plotted against age in Figure 3 , and apparent rates of decay of organic carbon are estimated and summarized in Table 8 . The apparent half-lives for decrease in organic carbon in Leg 78A sediments are much longer than have been observed elsewhere, and range from 4 to 38 Ma. Shorter apparent half-lives are associated with more rapid sediment accumulation rates (Table 8 ). This association of slower carbon decrease with slower sediment accumula- tion and the unreactive organic matter indicates that the organic carbon decay is more depth-dependent than timedependent, and that the limiting factor is probably diffusion of oxygen from overlying seawater rather than reactivity of organic matter. Since organic carbon decay cannot be systematically associated with burial time, it is not obvious how these data can be used to estimate time of faulting. The C 2 -C 6 gas contents of Leg 78A sediments generally increase exponentially with linear increase in depth of burial (Figure 4) . Thermogenic hydrocarbons are produced by nonbiological decomposition of sedimentary organic matter at temperature-dependent rates. If the hydrocarbons were diffusing from a deeper source, the concentration gradient with depth should be linear rather than exponential. In addition, if the gases indicated migrating hydrocarbons in the sedimentary section, much higher concentrations should have been detected, especially in more porous zones or adjacent to migration pathways. Therefore, the Hole 541 data support a conclusion of in situ generation of hydrocarbons rather than migration from depth. The regular increase of C 2 -C 6 hydrocarbons with depth was not noted in Holes 542 and 543 (Table 1 ). The sampling was infrequent, however, and gas contents were very low in any case. Diesel fuel was added to the mud in Hole 542B, in an attempt to free stuck drill pipe, but no effects were noted in the cores.
In both Hole 541 and Hole 543, at about the same depth of burial (260 m), minor indications of non-hydrocarbon gas were noted. The cores obviously were releasing minor amounts of gas, which caused small (~2-cm) separations in the core; this gas as sampled by puncturing the core liner and allowing gas to expand into evaculated glass tubes closed by a ruber septum (vacutainer). The gas contains only traces of hydrocarbons (Table 2; parts per million relative to total gas volume). The balance of the gas is either nitrogen or atmospheric air (Table 3). A possible explanation is that the gas is dissolved nitrogen, produced by denitrification in the sediments according to the overall reaction
This process is consistent with the apparent increasing consumption of organic matter with depth. These pelagic sediments may be characterized by extended "suboxic diagenesis" (Froelich et al., 1979) , in which aerobic respiration is followed first by denitrification and then by reduction of MnO 2 and FeOOH. The δ 15 N of the N 2 does not support this hypothesis, because only one sample is significantly different from ambient air.
Organic matter in Hole 541 at selected depths was characterized by pyrolysis assay and 13 C/ 12 C measurements (Table 5 ). The hydrocarbon yield occurred mainly at low heating temperature (250°C), and ranged from 0.12 to 0.50 mg/g. Total pyrolytic hydrocarbon yield normalized by whole-rock organic carbon increased with increasing depth of burial, partly because of a slight increase in total hydrocarbon yield, but mainly because of the decrease in organic carbon. The δ 13 C of the organic carbon decreases (becomes more negative) with increas-ing depth of burial, apparently reflecting preferential 13 C removal in the process causing the organic carbon decrease.
Sixteen samples of calcite veins in Hole 543A basalt have uniform isotopic composition, with δ 13 C PDB of 2.6 ± O.6%o and δ 18 O SM ow of 30.5 ± l%o. The oxygen isotopic composition of this calcite can be used to calculate a temperature of vein formation, assuming equilibrium fractionation and a δ 18 θ value for the water in which the calcite precipitated. The temperatures-calculated using the equation of O'Neil et al. (1969) , the observed δ 18 θ of the calcite vein, and an assumed δ 18 θ of 0.00 for the water-are reported in Table 6 , and range from 14.9 to 24.1°C. Using δ 18 θ = -1.00% 0 for the water would lower the calculated temperatures by about 4°C. The calculated temperatures are higher than present-day Atlantic Bottom Water (~4°C), but comparable to the temperatures estimated from the δ 18 θ values of Upper Cretaceous benthic calcareous microfossils (Savin, 1977) . The Hole 543A basalt is overlain by Maestrichtian-Campanian sediment, so the basalt may have undergone alteration and calcite vein formation by contact with warm Campanian seawater. Alternatively, alteration of the basalt could have occurred later, after burial to depths of about 200 to 300 meters sub-bottom, by contact with pore waters heated to the 11 to 24°C temperature range.
Pore waters from all three sites on Leg 78A are slightly depleted in both dueterium and 18 O, compared with seawater, but consistent trends are not apparent (Table 7) .
Dissolved sulfate is enriched in 34 S in the pore water from Holes 541 and 542, indicating possible effects of sulfate reduction. Pore water from Hole 543 sediments has essentially the same δ 34 S as seawater sulfate. The degree of 34 S-enrichment in dissolved sulfate from the three sites is roughly proportional to the respective levels of organic carbon content in the sediments from the sites. The amount and δ 13 C of total dissolved CO 2 in Leg 78A pore waters do not show any consistent evidence for oxidation of organic matter in the sediments. The alkalinities systematically decrease with increasing depth, and δ 13 C shows both positive and negative values compared with seawater.
CONCLUSION
Organic matter is present in very low concentrations in the sediments cored on Leg 78A, but differences between the drill sites and trends of decreasing organic carbon content with depth indicate that diagenetic processes involving organic matter are occurring.
